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Preface

This report includes afact sheet, Technical Review Workgroup for Lead (TRW) Recommendations
for an Interim Approach to Assessing Risks Associated with Adult Exposuresto Lead in Soil along
with an Appendix, Equations and Rational e for Default VValues Assigned to Parametersin the Sope
Factor Approach and Exposure Model for Assessing Risk Associated with Adult Exposuresto Lead
in Soil, which discusses in greater detail the equations and parameters used in the methodol ogy.
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1. INTRODUCTION

This report describes a methodology for assessing risks associated with non-residential
adult exposures to lead in soil. The methodology focuses on estimating fetal blood lead
concentration in women exposed to lead contaminated soils. This approach also provides tools
that can be used for evaluating risks of elevated blood lead concentrations among exposed adults.
The methodology is the product of extensive evaluations by the Technical Review Workgroup for
Lead (TRW) which began considering methodol ogies to evaluate nonresidential adult exposure in
1994 (Babus-Kornfeld, 1994; U.S. EPA, 1994a). In 1995, the TRW reviewed a methodology
developed by EPA Region 8 for deriving risk-based remediation goals (RBRGS) for nonresidential
soil at the California Gulch NPL site (U.S. EPA, 1995). A TRW committee on adult lead risk
assessment was formed in January, 1996 to further develop the ideas and information gathered as
part of these previous efforts into a generic methodology that could be adapted for use in site-
specific assessments.

This report provides technical recommendations of the TRW for the assessment of adult
lead risks using this methodology. An overriding objective in the development of this
methodology was the immediate need for a scientifically defensible approach for assessing adult
lead risks associated with nonresidential exposure scenarios. The TRW recognizes that other
adult lead models may provide useful information. In particular, models providing more detailed
representations of lead kinetics may be useful in supporting more detailed predictions about the
time course of blood lead concentrations among individuals who receive brief acute exposures to
lead or whose exposures otherwise change markedly with time. The methodology presented here
uses a simplified representation of lead biokinetics to predict quasi-steady state blood lead
concentrations among adults who have relatively steady patterns of site exposures (as described in
thisreport). The TRW believes that this approach will prove useful for assessing most sites
where places of employment are (or will be) situated on lead contaminated soils. Thisinformation
is expected to promote consistency in assessments of adult lead risks. The methodology
described in this report is an interim approach that is recommended for use pending further
development and evaluation of integrated exposure biokinetic models for adults. The TRW is
undertaking review of other models and will provide reviews on other approaches as appropriate.
The Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead in Children (U.S. EPA,
1994b,c) is the recommended approach for assessing residential lead risks.

The recommended approach for assessing nonresidential adult risks utilizes a methodol ogy
to relate soil lead intake to blood lead concentrations in women of child-bearing age. Itis
conceptually ssimilar to a slope factor approach for deriving RBRGs that had been proposed by
Bowers et al. (1994) and which was adapted for use at the California Gulch NPL sitein Region 8
(U.S. EPA, 1995). Thisreport describes the basic agorithms that are used in the methodol ogy
and provides a set of default parameter values that can be used in cases where high quality data
are not available to support site-specific estimates. The rationale for each parameter default value
is provided in the Appendix.



2. OVERVIEW OF THE APPROACH

The methodology described in this report relates soil lead concentrations to blood lead
concentrations in the exposed population according to the algorithms described below. Note that
the algorithms may consist of variables that include superscripts and/or subscripts. The
convention adopted in this report is to use superscripts as exponents (i.e., amathematical
operation), whereas subscripts represent key words that provide additiona information to
distinguish between similar variables. The basis for the calculation of the blood lead concentration
in women of child-bearing age is the algorithm given by Equation 1:

PbS  BKSF- IRy AF ¢ EF _
= PbB,y0 * AT (Equation 1)

IDbBaduIt,centraI
where:

PbBut cera = Central estimate of blood lead concentrations (ug/dL) in adults (i.e., women of
child-bearing age) that have site exposures to soil lead at concentration, PbS.

PbB 41t 0 = Typical blood lead concentration (pg/dL) in adults (i.e., women of child-bearing
age) in the absence of exposures to the site that is being assessed.

PbS = Soil lead concentration (ug/g) (appropriate average concentration for
individua).

BKSF = Biokinetic dope factor relating (quasi-steady state) increase in typical adult

blood lead concentration to average daily lead uptake (ug/dL blood lead
increase per pg/day lead uptake).

IRg = Intake rate of soil, including both outdoor soil and indoor soil-derived dust
(g/day).
AFg = Absolute gastrointestinal absorption fraction for ingested lead in soil and lead in

dust derived from soil (dimensionless).

EF = Exposure frequency for contact with assessed soils and/or dust derived in part
from these soils (days of exposure during the averaging period); may be taken
as days per year for continuing, long term exposure.

AT = Averaging time; the total period during which soil contact may occur; 365
days/year for continuing long term exposures.

The basis for the RBRG calculation is the relationship between the soil lead concentration
and the blood lead concentration in the developing fetus of adult women that have site exposures.



As a hedlth-based goal, EPA has sought to limit the risk to young children of having elevated
blood lead concentrations. Current Office of Solid Waste and Emergency Response (OSWER)
guidance calls for the establishment of cleanup goalsto limit childhood risk of exceeding 10
pg/dL to 5% (U.S. EPA, 1994a). Equation 2 describes the estimated relationship between the
blood lead concentration in adult women and the corresponding 95th percentile fetal blood lead
concentration (PbB ;4 09s), assuming that PbB ., cnra reflects the geometric mean of a
lognormal distribution of blood lead concentrations in women of child-bearing age. If asimilar
95th percentile goal is applied to the protection of fetuses carried by women who experience
nonresidential exposures, Equation 2 can be rearranged to reflect a risk-based goal for the central
estimate of blood lead concentrations in adult women using Equation 3:

1.645 .
PbeetaJ,O.QS = I:)bBaduIt,centraI ) GSDi,adult ’ Rfeta]/maternal (Equatlon 2)

PbB _ PbeetaJ,O.QS,goaI

adult, central,goal 1.645
GSDi,adult ) Rfeta]/maternal

(Equation 3)

where:

PbB Goal for central estimate of blood lead concentration (ug/dL) in adults (i.e.,
women of child-bearing age) that have site exposures. The goal is intended

to ensure that PoBy .05 40a d0ES NOt eXCeed 10 ug/dL.

adult, central, goal =

POB s, 095, 90a = G0al for the 95th percentile blood lead concentration (ug/dL) among fetuses
born to women having exposures to the specified site soil concentration. This
isinterpreted to mean that there is a 95% likelihood that a fetus, in a woman
who experiences such exposures, would have a blood lead concentration no
greater than POBygy .05 g0a (-6, the likelihood of a blood lead concentration
greater than 10 pg/dL would be less than 5%,for the approach described in
this report).

GSD; qut = Estimated value of the individual geometric standard deviation
(dimensionless); the GSD among adults (i.e., women of child-bearing age)
that have exposures to similar on-site lead concentrations, but that have non-
uniform response (intake, biokinetics) to site lead and non-uniform off-site
lead exposures. The exponent, 1.645, is the value of the standard normal
deviate used to calculate the 95th percentile from alognormal distribution of
blood lead concentration.



R teamaema =  Constant of proportionality between fetal blood lead concentration at birth and
maternal blood lead concentration (dimensionless).

The soil lead concentration associated with a given exposure scenario and POB , cerra goa €8N
be calculated by rearranging Equation 1 and substituting PPB s central goat fOT PPB g, central

adult, central,goal I:)bBaduIt,O) AT
(BKS--1 Ry AR EFS)

(Equation 4)

It isthis form of the algorithm that can be used to calculate a RBRG where the RBRG represents
the soil lead concentration (PbS) that would be expected to result in a specified adult blood lead
concentration (POB . central, g0 ) @1 COrresponding 95th percentile fetal blood |ead
concentration (PHB ey 005, goal)-

Equations 1-4 are based on the following assumptions:

1. Blood lead concentrations for exposed adults can be estimated as the sum of an
expected starting blood lead concentration in the absence of site exposure (PbB ;.
o) and an expected site-related increase.

2. The site-related increase in blood lead concentrations can be estimated using a
linear biokinetic sope factor (BKSF) which is multiplied by the estimated |ead
uptake.

3. Lead uptake can be related to soil lead levels using the estimated soil lead
concentration (PbS), the overall rate of daily soil ingestion (IRg), and the estimated
fractional absorption of ingested lead (AF;) Theterm "soil" is used throughout this
document to refer to that portion of the soil to which adults are most likely to be
exposed. In most cases, exposure is assumed to be predominantly to the top layers
of the soil which givesrise to transportable soil-derived dust. Exposure to soil-
derived dust occurs both in outdoor and indoor environments, the latter occurring
where soil-derived dust has been transported indoors. Other types of dust, in
addition to soil-derived dust, can contribute to adult lead exposure and may even
predominate in the occupational setting; these include dust generated from
manufacturing processes (e.g., grinding, milling, packaging of lead-containing
material), road dust, pavement dust, and paint dust. This methodology, as
represented in Equations 1 and 4, does not specifically account for site exposure to
dusts that are not derived from soil. However, the methodology can be modified to
include separate variables that represent exposure to lead in various types of dust.
This approach is discussed in greater detail in the Appendix.



4. As noted above, exposure to lead in soil may occur by ingesting soil-derived dust in
the outdoor and/or indoor environments. The default value recommended for IRg
(0.05 g/day) isintended for occupational exposures that occur predominantly
indoors. More intensive soil contact would be expected for predominantly outdoor
activities such as construction, excavation, yard work, and gardening.

5. A lognormal model can be used to estimate the inter-individual variability in blood
lead concentrations (i.e., the distribution of blood lead concentrationsin a
population of individuals who contact smilar environmenta lead levels).

6. Expected fetal blood lead concentrations are proportional to maternal blood lead
concentrations.

The primary basis for using Equation 4 to calculate a RBRG is that fetuses and neonates
are a highly sengitive population with respect to the adverse effects of lead on development and
that 10 pg/dL is considered to be ablood lead level of concern from the standpoint of protecting
the health of sensitive populations (U.S. EPA, 1986, 1990; NRC, 1993). Therefore, risk to the
fetus can be estimated from the probability distribution of fetal blood lead concentrations (i.e., the
probability of exceeding 10 pg/dL), as has been the approach taken for estimating risksto
children (U.S. EPA, 1994a,c). Equation 4 can be used to estimate the soil lead concentration at
which the probability of blood lead concentrations exceeding a given value (e.g., 10 pg/dL) in
fetuses of women exposed to environmental lead is no greater than a specified value (e.g., 0.05).

The methodology can be modified to accommodate different assumptions or to estimate
RBRGs for different risk categories. For example, a RBRG could be estimated for risks to adults
(e.g., hypertension) by substituting an appropriate adult blood lead concentration benchmark.
Similarly, other exposure scenarios can be incorporated into the assessment. Alternative methods
for estimating soil lead risk by partitioning soil into outdoor soil and indoor dust components are
discussed in the Appendix.

Recommended default values for each of the parametersin Equations 1 - 4 are presented in
Table 1. These defaults should not be casually replaced with other values unless the dternatives
are supported by high quality site-specific data to which appropriate statistical analyses have been
applied and that have undergone thorough scientific review. Examples of the output from the
methodology are presented in Figures 1 and 2, which show plots of the calculated PbBy, 45 35 @
function of PbS when different combinations of default parameter values are used. The rationale
for each default value listed in Table 1 is summarized in the Appendix.



Table 1. Summary of Default Parameter Values for the Risk Estimation Algorithm (Equations 1 - 4)

Parameter Unit Value Comment
POBsetar, 0,95, g0 po/dL 10 For estimating RBRGs based on risk to the developing fetus.
GSD; i -- 1.8 Value of 1.8 isrecommended for a homogeneous population while 2.1 is recommended for
2.1 amore heterogeneous population.

Rietai/meterna -- 0.9 Based on Goyer (1990) and Graziano et al. (1990).

PbB 1.0 po/dL 1.7-2.2 | Plausible range based on NHANES |11 phase 1 for Mexican American and non-Hispanic
black, and white women of child bearing age (Brody et al. 1994). Point estimate should be
selected based on site-specific demographics.

BKSF pg/dL 0.4 Based on analysis of Pocock et a. (1983) and Sherlock et a. (1984) data.

per
Hg/day

IRg g/day 0.05 Predominantly occupational exposures to indoor soil-derived dust rather than outdoor soil;
(0.05 g/day = 50 mg/day).

EF daylyr 219 Based on U.S. EPA (1993) guidance for average time spent at work by both full-time and
part-time workers (see Appendix for recommendations on minimum exposure frequency and
duration).

AFg -- 0.12 Based on an absorption factor for soluble lead of 0.20 and a relative bioavailability of 0.6
(soil/soluble).




16

14 - GSDhi=21 /
# GSDi=18 /

N\

(Mg/dL)
N\

/ ¥ 4
10 e /

PbB_fetal 0.95
AN
N
N

0 500 1000 1500 2000 2500
PbS (ug/g)

Figure 1. Example output of risk estimation algorithm (Equation 4) assuming a PbB,; o of 2.0
pg/dL (mixed racial) and aGSD; , of either 1.8 (homogeneous population) or 2.1 (heterogeneous
urban population).
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Figure 2. Example output of risk estimation algorithm (Equation 4) assuming plausible default
minimum and maximum values of PbBy,; o (1.7 and 2.2 pg/dL) and GSD; 4, (1.8 and 2.1).



3. REFERENCES

Babus-Kornfeld, J. 1994. Comments and Recommendations on the Draft Interim Guidance for
Screening Levels of Lead in Soil for Non-Residential Sites. Letter from John Balbus-Kornfeld to
Bruce Means. November 17, 1994,

Bowers, T.S,, B.D. Beck and H.S. Karam. 1994. Assessing the relationship between environmental
lead concentrations and adult blood lead levels. Risk Anaysis. 14(2): 183-189.

Brody, D.J., JL. Pirkle, R.A. Kramer, K.M. Flega, T.D. Matte, EW. Gunter and D.C. Paschal.
1994. Blood lead levelsin the U.S. population. Phase 1 of the third National Health and Nutrition
Examination Survey (NHANES 111, 1988 to 1991). JAMA. 272(4): 277-283.

Goyer, R.A. 1990. Transplacental transport of lead. Environ. Health Perspect. 89: 101-105.

Graziano, JH., D. Popovac, P. Factor-Litvak, P. Shrout, J. Kline, M.J. Murphy, Y. Zhao, A.
Mehmeti, X. Ahmedi, B. Rgovic, Z. Zvicer, D. Nenezic, N. Lolacono and Z. Stein. 1990.
Determinants of elevated blood lead during pregnancy in a population surrounding alead smelter in
Kosovo, Yugoslavia. Environ. Health Perspect. 89: 95-100.

NRC. 1993. Measuring Lead Exposure in Infants, Children and Other Sensitive Populations.
National Academy Press. Washington, DC. 1SBN 0-309-04927-X.

Pocock, S.J., A.G. Shaper, M. Walker, C.J. Wale, B. Clayton, T. Delves, R.F. Lacey, R.F. Packham
and P. Powell. 1983. Effectsof tap water |ead, water hardness, alcohol, and cigarettes on blood lead
concentrations. J. Epi. Comm. Hedlth. 37: 1-7.

Sherlock, J.C., D. Ashby, H.T. Delves, G.I. Forbes, M.R. Moore, W.J. Patterson, S.J. Pocock, M.J.
Quinn, W.N. Richardsand T.S. Wilson. 1984. Reduction in exposure to lead from drinking water
and its effect on blood lead concentrations. Human Toxicol. 3: 383-392.

U.S. EPA. 1986. Air Quality Criteria for Lead Volumes | - IV. Environmental Criteria and
Assessment Office, Office of Research and Development, RTP, NC. EPA 600/8-83-028 a-d.

U.S. EPA. 1990. Supplement to the 1986 EPA Air Quality Criteria Document for Lead - Volume
1 Addendum. Officeof Research and Development, Office of Health and Environmental Assessment,
Washington, DC. EPA-600/8-89/049A.

U.S. EPA. 1993. Superfund's Standard Default Exposure Factors for the Central Tendency and
RME-Draft. Working Draft, November 1993.

U.S. EPA. 1994a. Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA Corrective
Action Facilities. OSWER DirectiveNo. 9355.4-12. Office of Emergency and Remedial Response,
Washington, D.C. EPA/540/F-94/043, PB94-963282.



U.S. EPA. 1994b. Technical Support Document: Parameters and Equations Used in the Integrated
Exposure Uptake Biokinetic Moddl for Lead in Children (v. 0.99d). Office of Emergency and
Remedial Response, Washington, D.C. EPA/540/R-94/040, PB94-963505.

U.S. EPA. 1994c. Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for Lead
in Children. Office of Emergency and Remedial Response, Washington, D.C. EPA/540/R-93/081,
PB93-963510.

U.S. EPA. 1995. A TRW Report: Review of a Methodology for Establishing Risk-Based Soil

Remediation Goadls for the Commercial Areas of the California Gulch Site. Technical Review
Workgroup for Lead, October, 1995.

10



APPENDIX

Equations and Rationale for Default Values
Assigned to Parametersin the Slope Factor Approach and
Exposure Modedl for Assessing Risk Associated with Adult

Exposuresto Lead in Soil



Equations and Rationale for Default Values Assigned to Parametersin the
Slope Factor Approach and Exposure Model for Assessing Risk Associated
with Adult Exposuresto Lead in Soil

1. Equationsforthe Adult LeadModel . ....... ... ... . . . i A-3
2. Individua Blood Lead Geometric Standard Deviation (GSD)) .. .................... A-6
3. Fetal/Maternal Blood Lead Concentration RatiO (Rigu/materma) « -« « =« # « o v neneenennenn A-8
4. Baseline Blood Lead Concentration (PB o) -+ - v vvvv oo A-8
5. Biokinetic Slope Factor (BKSF) ... ..ot A-10
6. Soil Lead Absorption Factor (AFg) .. ..o A-15
7. Daly Sail Ingestion Rate (IRg) . . . .o oo v A-19
8. Exposure Frequency (EFg) .. ..o A-22
9. Applying Monte Carlo Analysisto the Adult Lead Methodology . .................. A-23
10, REfEIENCES . . ..o A-25

A-1



1. Equationsfor the Adult Lead M odel

The format of the equations used in the adult lead methodology follows the approach used
inthe IEUBK Model for Lead in Children (IEUBK Model). Note that the equations may consist of
variablesthat include superscripts and/or subscripts. The convention adopted in thisreport isto use
superscripts as exponents (i.e., amathematical operation), whereas subscripts represent key words
that provide additional information to distinguish between similar variables. The term "soil" refers
to that portion of the soil to which adults are most likely to be exposed. In most cases, exposure is
assumed to be predominantly to thetop layersof the soil which givesriseto transportable soil-derived
dust. Exposure to soil-derived dust occurs both in outdoor and indoor environments, the latter
occurring where soil-derived dust has been transported indoors. Other types of dust, in addition to
soil-derived dust, can contribute to adult lead exposure and may even predominate in  some
occupational settings; these include dust generated from manufacturing processes (e.g., grinding,
milling, packaging of lead-containing material), road dust, pavement dust, and paint dust.

Exposure to lead from soil (direct and through indoor soil-derived dust) and lead

intake:
PbS - IRy - EFq _
INTAKE = (Equation A-1)
AT
INTAKE = Daily average intake (ingestion) of lead from soil taken over averaging time AT
(Hg/day).
PbS = Soil lead concentration (ug/g) (appropriate average concentration for individual).
IRg = Intake rate of soil, including outdoor soil and indoor soil-derived dust (g/day).
EF = Exposure frequency for contact with assessed soils and/or dust derived in part from

these soils (days of exposure during the averaging period); may be taken as days per
year for continuing, long term exposures.

AT = Averaging time; the total period during which soil contact may occur; 365 days/year
for continuing long term exposures.

L ead uptake:

UPTAKE = AFg - INTAKE (Equation A-2)
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UPTAKE

Daily average uptake of lead from the gastrointestinal tract into the systemic
circulation (ug/day).

AFg = Absolute gastrointestinal absorption fraction for ingested lead in soil and lead in dust
derived from soil (dimensionless).

Central estimate of adult blood lead concentration:

IDbBaduIt,centraI - IDbBaduIt,O + BKS- - UPTAKE (Equation A-3)
PoB e = Central estimate of blood lead concentrations (ug/dL) in adults (i.e., women of
child-bearing age) that have site exposures to soil lead at concentration, PbS.
PbB .10 = Typica blood lead concentration (ug/dL) in adults (i.e., women of child-bearing
age) in the absence of exposures to the site that is being assessed.
BKSF = Biokinetic slopefactor relating (quasi-steady state) increasein typical adult blood

lead concentration to average daily lead uptake (ug/dL blood lead increase per
pg/day lead uptake).

Distributional model for adult blood lead:

In this methodology, variability in blood lead concentrations among a population is
mathematically described by alognormal distribution defined by two parameters, the geometric mean
(GM) and the geometric standard deviation (GSD):

PbB ~ Lognormal(GM, GD)

adult

PbB,,: = Adult blood lead concentration (which is a variable quantity having the specified
probability distribution).

GM = Geometric mean blood lead concentration (ug/dL) for adults having site exposure.
The central estimate of adult blood lead, PbB . cenira» CONStructed in Equation A-3is
treated as a plausible estimate of the geometric mean.

GSD = Geometric standard deviation for blood lead concentrations among adults having
exposures to smilar on-site lead concentrations, but having non-uniform response
(intake, biokinetics) to site lead and non-uniform off-site lead exposures. The
individual blood |ead concentration geometric standard deviation, GSD,, issubstituted
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for GSD. As described below (Section 2 of the Appendix), GSD; is assumed to
address sources of variability in blood lead concentrations among the exposed
population.

Parameter estimates for the geometric mean (GM) and geometric standard deviation (GSD) of the
lognormal distribution are described below. Note that blood lead concentrations for site exposures
can be quantified at any percentile of the population using these parameters. For example, the 95th
percentile blood |ead concentration can be calculated by Equation A-4:

PbB = PbB - GSD 164 (Equation A-4)

adult,0.95 adult,central

PbB 005 = 95th percentileblood |lead concentration (ug/dL ) among individualshaving exposures
to the specified site soil lead concentrations. Thisisinterpreted to mean that thereis
a95% likelihood that an adult exposed to the specified soil lead concentrationswould
have a blood lead concentration less than or equal to PbB . 0.¢s -

Distributional model for fetal blood lead:

PPBioa = Ricaiimaterna * PPBagut (Equation A-5)

PbB,,, = Fetal blood lead concentration (ug/dL) (which, like PbB ., IS a variable quantity
having the specified probability distribution).

Rieamaema = COnstant of proportionality between fetal and maternal blood lead concentrations.

PbB,,: = Adult blood lead concentration (pg/dL), estimated with parameters appropriate to
women of child bearing age.

Note that this relationship implies a deterministic (non-random) relationship between materna and
fetal blood lead concentrations. This assumption omits a source of variability (varying individual-
specific ratios of fetal to maternal blood lead) that would tend to increase the variance of fetal blood
lead concentrations. The assumption of proportionality impliesthat fetal blood lead concentrations
also are lognormally distributed:

PbB,,, ~ Lognormal(GM,GSD)
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GM = Geometric mean blood lead concentration (pg/dL) for fetuses, equal t0 Riqajmatema
multiplied by POB_; centra-

GSD = Geometric standard deviation of blood lead concentration among adults, GSD,
(Section 2 of the Appendix).

Similarly, percentiles of the fetal blood lead distribution can be estimated (for fetuses carried by
women exposed to the specified concentration of lead at the assessed site). For example:

1645 )
PbeetaJ,O.QS = Recamaternal PbBaduIt,centraI ’ GSDi,adult (Equation A-6)

PbB;ya00s = 95th percentile blood lead concentration (ug/dL) among fetuses born to women
having exposures to the specified site soil lead concentrations. Thisisinterpreted to
mean that there is a 95% likelihood that a fetus born, in a woman who experiences
such exposures, would have a blood lead concentration no greater than PoB; ¢ gs.

Note that when the expressions for PbB ; cawa » INTAKE, and UPTAKE (Equations A-1, A-2 and
A-3) are substituted into Equation A-6, we obtain the complete expression for PbB;, o that is
presented in the fact sheet (Overview of the Approach, Equations 1 and 2):

1645 | (PbS BKSF-IRg-AF-EFY)
PbByya 005 = Risamaerna - G + PbB

AT adult,0 (Equation A-7)

Equation A-7 represents variability in blood lead concentration arising from two main factors: 1)
exposure variables, including inter-individual variability in activity-weighted ingestion rates, and 2)
inter-individua variability in physiology, including factors affecting lead biokinetics.

2. Individual Blood Lead Geometric Standard Deviation (GSD))

The GSD,; is a measure of the inter-individua variability in blood lead concentrations in a
popul ation whose membersare exposed to the samenonresidential environmental lead levels. 1dedlly,
the value(s) for GSD; used in the methodology should be estimated in the population of concern at
the site. This requires data on blood lead concentration and exposure in a representative sample of
aufficient size to yield statistically meaningful estimates of GSD in subsamples stratified by
nonresidential exposure level. In the absence of high quality data for the site, GSD, may be
extrapolated from estimates for other surrogate populations. In making such extrapolations, factors
that might contribute to higher or lower variability in the surrogate popul ation than among similarly
exposed individuas in the population of concern, should be evaluated. These factors include
variability in exposure (level and pathways), and biokinetics (see Section 6 of Appendix),
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socioeconomic and ethnic characteristics, degree of urbanization and geographical location. Such
extrapolations, therefore, are site-specific and are apotentially important source of uncertainty inthe
methodology.

GSD values measured in populations (GSD,) reflect the combined effect of 1) variability in
environmenta concentration levels; and 2) activity-weighted exposures and lead biokinetics. Thus,
estimates of GSD,, can be considered a surrogate for estimating the GSD,. Site data on blood lead
concentrations collected from populations of varying homogeneity may be useful for establishing a
plausiblerange of valuesof GSD; , provided that the data are of adequate quality and can be stratified
by nonresidential exposure level. The lowest values of GSD,, are expected among homogeneous
populations (e.g., individuas with similar socioeconomic and ethnic characteristics living within a
relatively small geographic area) exposed to a single, dominant source of lead (e.g., lead mining or
smelter sites). For example, a GSD,, of 1.8 was recently caculated among adult women living in
Leadville, CO (U.S. EPA, 1995). Thisrelatively low GSD isconsistent with an analysisof blood lead
concentration datain mining communitiesin the United States and Canada, which suggest that GSD,
ranges from 1.6 - 1.8 at active mining sites where blood lead concentrations are less than 15 pg/dL
(U.S. EPA, 1992). By contrast, higher values of GSD, might be expected from a national survey.
Although lead exposures among the general population arelikely to be more greatly impacted by diet
than soil (e.g., compared with populations exposed at a waste site), the national population is very
heterogeneous, in that it includesindividuals with different socioeconomic and ethnic characteristics
living in distinct geographic areas.

The TRW has conducted a preliminary analysis of blood lead concentration data collected in
NHANES Il Phase 1 from 1988 to 1991 and found that the GSD,, for women ages 17 to 45 years
may range from 1.9 - 2.1 (Table A-1). Because of the complex survey design used in NHANES 11
(e.g., large oversampling of young children, older persons, black persons, and Mexican-Americans),
this analysis used sampling weights included in the NHANES Il Phase 1 data file to produce
population estimates for blood lead concentration. The weighting factor “WTPEXMH1" was used
to reflect the non-random sampling of individuals in both the mobile examination units (MEC) and
the home examinations. The analysis did not account for the design effects associated with the
selection of strata and primary sampling units (PSUs), which may result in an underestimation of
sampling variance. Since this bias is not likely to greatly impact the GSD, (Brody, personal
communication), the amount of underestimation of the GSD, by the values given in Table A-1 is
likely tobesmall. Geometric mean blood lead concentrationslistedin Table A-1 arewithin 0.2 ug/dL
of thesereported in Brody et al. (1994).

The TRW estimates that 1.8 - 2.1 is a plausible range for GSD,, based on an evaluation of
availableblood |ead concentration datafor different typesof populations. In caseswheresite-specific
data are not available, a value within this range should be selected based on an assessment as to
whether the population at the site would be expected to be more or less heterogeneousthan the U.S.
populationwith respect toracial, ethnic, cultural and socioeconomic factorsthat may affect exposure.
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Table A-1. NHANES 111 Phase 1 Summary Statistics for Blood Lead Concentration Among U.S.
Women by Age and Ethnic/Racial Characteristics’.

Age Group Non-Hispanic White Non-Hispanic Black Mexican American
(years) No. GM GSD No. GM GSD No. GM GSD
20 - 49 728 1.9 1.90 622 2.3 2.01 729 2.1 2.10
50 - 69 476 3.2 1.88 256 4.2 1.80 255 3.3 2.12

> 69 562 3.5 1.82 135 4.1 1.86 75 29 2.03
20 + 1,766 2.4 2.01 1,013 2.7 2.07 1,059 2.3 2.14
17- 45 742 1.7 1.89 658 2.1 1.98 763 2.0 2.10

eAndysis of data weighted by MEC and home weighting factor (WTPEXMH1), excluding samples
missing data on blood |ead concentration or age. GM PbB (ug/dL) = exp(K,,); GSD PbB = exp(o,,,).

3. Fetal/Maternal Blood L ead Concentration Ratio (Rsea/maternal)

The TRW recommends adefault value of 0.9 based on studiesthat have explored therelationship
between umbilical cord and maternal blood lead concentrations (Goyer, 1990; Graziano et al., 1990).
The Goyer (1990) estimate of an average fetal/maternal blood lead concentration ratio of 0.9 is
supported by alarge body of datathat has been summarized in Agency documents (U.S. EPA, 1986,
1990). Graziano et al. (1990) compared maternal and umbilical cord blood lead concentrations at
ddlivery in 888 mother-infant pairswho were between 28 and 44 weeks of gestation. Therelationship
was linear with a slope of 0.93 pg/dL cord blood per pg/dL maternal blood; the correlation
coefficient was 0.92. The sope of 0.93 from the Graziano et al. (1990) study supports 0.9 asapoint
estimate for Ry maema-

Although average fetal/maternal blood lead concentration ratios, asreflected in cord blood, tend
to show consistent trends (Goyer, 1990; Graziano et ., 1990), the trends may not reflect significant
inter-individua variability in maternal and possibly fetal blood lead concentrations due to
physiological changes associated with pregnancy. For example, mobilization of bone lead stores
during pregnancy may be more substantia in some women, and iron and calcium deficiency
associated with poor nutritional status, aswell aspregnancy, may enhance gastrointestinal absorption
of lead (U.S. EPA, 1990; Franklinet al., 1995). Conversely, maternal blood lead concentration may
decrease during thelater stagesof pregnancy because of the dilution effect associated witha30%rise
in plasma volume, as well as an increased rate of transfer of lead to the placenta or to fetal tissues
(Alexander and Delves, 1981). These changes may give rise to fetal/materna blood lead
concentration ratios that are different from 0.9.

4. Baseline Blood Lead Concentration (PbB,y )

The baseline blood lead concentration (PbB.,.) IS intended to represent the best estimate of a
reasonable central value of blood lead concentration in women of child-bearing age who are not
exposed to |lead-contaminated nonresidential soil or dust at thesite. Inthisanaysis, geometric mean
blood lead concentrations are used for this purpose. Ideally, the value(s) for PbB,,,,, used in the
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methodol ogy should be estimated in the popul ation of concern at thesite. Thisrequiresdataon blood
lead concentrationsin arepresentative sampl e of adult women who are not exposed to nonresidential
soil or soil-derived dust at the site, but who may experience exposuresto other environmental sources
of lead that are smilar in magnitude to exposures experienced by the population of concern. This
would include exposure to lead in food and drinking water as well as residential soil and dust (dust
derived from soil and all other non-site related sources). The sample must be of sufficient size to
yield gtatistically meaningful estimates of PbB ;.

In the absence of high quality datafor the site, PbB,,,,, may be extrapolated from estimates for
other surrogate popul ations that would be expected to have asimilar PbB, , distribution as that of
the population of concern. In making such extrapol ations, factorsthat might contributeto differences
between the geometric mean PbB ;o in the surrogate popul ation and popul ation of concern should
be evaluated. These factors include differences in the residential exposure (level and pathways),
socioeconomic, ethnic and racial demographics, housing stock, degree of urbanization, and
geographical location. Such extrapolations, therefore, are site-specific.

In cases where site-specific extrapol ations from surrogate popul ations are not feasible, the TRW
recommends 1.7 - 2.2 ug/dL as a plausible range, based on the results of Phase 1 of the NHANES
11 as reported by Brody et a. (1994). Table A-2 summarizes the analysis of blood lead
concentrations from a sample of 2,083 women ages 20 - 49, and stratified into the three ethnic and
racial categories.

Table A-2. NHANES Il Phase 1 Summary Statistics for Blood Lead
Concentration Among Different Populationsof U.S. Women Ages20 - 49 (Brody

et al., 1994).
Population No. GM (95% ClI)
Mexican American women 732 2.0(1.7-25)
non-Hispanic black women 623 2.2(20-25)
non-Hispanic white women 728 1.7(1.6-19
Total 2,083

The TRW recommends that the estimates from Table A-2 be used in combination with data on the
ethnic and racial demographics of the population of concern to select the most appropriate point
estimate from within the plausiblerange of 1.7 - 2.2 ug/dL. For example, if the population at the site
was predominantly Mexican American, 2.0 pg/dL might be selected as the point estimate. The
plausible range is based on surveys of large samples of the national population and may not
encompass central tendencies estimated from smaller regional or site-specific surveys, either because
of bias associated with the smaller sample or because of rea differences between the surveyed
population and the national population. Thisneedsto be evaluated in deciding whether or not to use
data from small surveysthat yield point estimatesfor PoB o thet fall outside of the plausible range.
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5. Biokinetic Slope Factor (BK SF)

The BKSF parameter relates the blood lead concentration (ug Pb/dL) to lead uptake (ug
Pb/day). The TRW recommends a default value of 0.4 pg Pb/dL blood per g Pb absorbed/day for
the BK SF parameter based on data reported by Pocock et al. (1983) on the rel ationship between tap
water lead concentrations and blood lead concentrations for a sample of adult males, and on
estimates of the bioavailability of lead in tap water (see Section 6 of the Appendix).

Pocock et al. (1983) analyzed data on lead concentrationsin first draw tap water and blood
lead concentrations in a population of 910 adult males. A linear model imposed on the data yielded
aslopeof 0.06 (ug/dL per pg/L first draw water) for water lead concentrations equal to or lessthan
100 pg/L (alower slope was applied to the data for higher water concentrations). Pocock et al.
(1983) aso obtained data on lead concentrations in flushed water (and "random daytime™) samples,
in addition to first draw samples. Given the following assumptions, it is possible to derive a Slope
factor for ingested water lead (INGSF) from the Pocock et al. (1983) data:

* Thelead concentration of flushed water was 25% of the concentration of first draw water
(C,q = 0.25) (U.S. EPA, 1995).

* Dally water intake consisted of 30% first draw and 70% flushed (F,, = 0.3, F,=0.7) (U.S.
EPA, 1992).

« Dally water ingestion (including tap water and beverages made with tap water) was 1.4
L/day (IR, = 1.4) (U.S. EPA, 1989).

Based on the above assumptions, a INGSF of 0.09 pg/dL per g intake/day is estimated as follows:

NGSE - 0.06 (Equation A-8)
IRy (Fig * (Cig - Fp))

INGSF - 0.06
14-(0.3 +(0.25-0.7))

INGSF = 0.09

This suggests that the product of the BKSF, reflecting the slope for absorbed rather than ingested
lead, and the absorption factor for lead in drinking water (AF,,) should be approximately 0.09 if it is
to match the estimate of INGSF based on the Pocock et a. (1983) study:

INGSF = BKSF - AF,, (Equation A-9)

A-9



Values of AF,, within the range 0.20 - 0.25 would correspond to a range for BKSF of 0.36 - 0.45,
or approximately 0.4 ug/dL per pg/day (rounded to one significant figure). A rangeof 0.20- 0.25
for AF,, is supported by data from numerous lead bioavailability studies (see Section 6 of the
Appendix for amore detailed discussion of these studies).

The above estimate of 0.4 pg/dL per pg/day for the BKSF can be compared with the
approach described by Bowers et al. (1994), who used the same data set along with different
assumptions and arrived at essentially the same estimate of the BKSF, 0.375 or approximately 0.4
pg/dL per pg/day. Bowers et al. (1994) assumed a daily tap water intake of 2 L/day and 8%
absorption of lead ingested in tap water; and did not make adjustmentsfor amixture of first draw and
flushed water intake in the Pocock et al. (1983) study.

Several uncertainties should be considered in applying the default value of 0.4 pg/dL per
pg/day to any specific population. Since it is based on the Pocock et al. (1983) data, it represents
an extrapolation from adult men to women of child bearing age. Physiological changes associated
with pregnancy may affect the value of the BK SF (see Section 6 of the Appendix); therefore, some
uncertainty is associated with applying the default value to populations of pregnant women.

Anadditional uncertainty concernstheassumption of linearity of therel ationship between lead
intake and blood lead concentration. The Pocock et al. (1983) study provides dataon alarge sample
population of adult men whose members were exposed to relatively low drinking water lead levels;
898 subjects (97%) were exposed to first draw water |ead concentrationslessthan 100 pg/L and 473
(52%) to 6 pg/L or less. A smaler study of adult women exposed to higher concentrations was
reported by Sherlock et al. (1982, 1984); out of 114 subjects, 32 (28%) had flush drinking water lead
concentrationslessthan 100 pg/L and only 13 (11%) lessthan 10 pug/L. Sherlock et a. (1982, 1984)
used a cube root regression model, rather than alinear model, to describe the relationship between
drinking water and blood lead concentration. Given the much larger sample sizein the Pocock et al.
(1983) study, particularly towards the low end of the distribution for water lead concentration,
greater confidence can be placed in the estimated slope of the linear regression model from the
Pocock et al. (1983) study than in the cube root regression model of Sherlock et al. (1982, 1984).
Nevertheless, it is useful to compare the output of the two models because they were applied to the
different sexesand becausethey differ so fundamentally in thetreatment of the blood lead - water lead
dope; the dope is constant in the linear model and decreases in the cube root model as water lead
concentration increases. Figure A-1 compares the output of the two models and shows the output
of a linear regression of the unweighted output of the Sherlock et a. (1984) model. Three
observations can be made from this comparison that are relevant to the BKSF:

1. Both the Pocock et al. (1983) and Sherlock et al. (1984) model s predict higher blood
lead concentrations than would be expected in the average U.S. population today as
suggested from NHANES I11. Thisisindicative of higher lead intakes in the study
popul ations which may have contributed to the apparent nonlinearities observed (e.g.
above 100 pg/L in Pocock et al.(1983) and at lower concentrationsin Sherlock et al.
(1984).
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The cube root regression model of Sherlock et al. (1984) predicts lower blood lead
concentrationsthan thelinear model of Pocock et al. (1983). Thismay reflect greater
lead intakes from sources other than drinking water in the Pocock et al. (1983)
population (see Section 6 of the Appendix for further discussion).

The linear approximation of the Sherlock et al. (1984) and the linear model from
Pocock et al. (1983) have similar slopes; 0.08 and 0.06 pg/dL per pg/L, respectively.
Thus, although the Sherlock et al. (1984) study casts some degree of uncertainty on
the assumption of linearity of the blood lead - drinking water lead relationship both
at low (<10 pg/L) and high (> 100 pg/L) tap water lead concentrations, a linear
mode with a constant slope of 0.06 pg/dL per pg/L appears to approximate the
output of the nonlinear model of Sherlock et al. (1984) reasonably well for water |ead
concentrations less than100 pg/L .
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Figure A-1. Comparison of linear model of Pocock et al. (1983) with cube root model of Sherlock
et a. (1984) and alinear model imposed on the unweighted output of the Sherlock model over the
water lead range O - 100 pg/L (linear Sher84). The slope of the linear Sher84 model is0.08 pg/dL
per pg/L. The slope of the Pocock et al. (1983) model is 0.06 pg/dL per pg/L.
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Experimental data on the pharmacokinetics of lead in adult humans support the default value
of 0.4 (ug/dL per pg/day absorbed lead) for BKSF estimated from Pocock et al. (1983). Several
distinct kinetic poolsof lead are evident from observations of therate of change of blood |ead isotope
withtime after aperiod of daily dosing inwhich lead isabruptly terminated (Rabinowitz et al., 1976).
A rapid exchange pool, denoted pool 1, includes the blood and a portion of the extracellular fluid,
and is the physiological pool from which urinary and hepatobiliary excretion of blood lead occurs.
Several estimates of the size of pool 1 (V,) and the residence times for lead in pool 1 (T,) have been
derived from experimentsin which human subjects were administered tracer doses of stable isotopes
of lead from which pool 1 clearances (C,) have been estimated; these estimates are summarized in
Table A-3.

Table A-3. Summary of Experimental Studies with Humans to Assess Clearance Rates of
Lead from Blood and Extracellular Fluid.

Subject V2 TP TS c Reference
(d) (day) (day) (dL/day)
A 77 34 24 2.3 Rabinowitz et al., 1974
B 115 50 35 2.3
A 74 34 24 2.2 Rabinowitz et al., 1976
B 100 40 28 2.5
C 101 37 26 2.7
D 99 40 28 2.5
E 113 27 19 4.2
ACC 70° 29 20 2.4 Chamberlain et d., 1978
DN 94° 39 27 2.4
PL 85° 40 28 2.1
ACW 94° 438 33 2.0
MJH 97° 41 28 2.4
ANB 95° 40 28 2.4
Mean+SD 93x14 38%6 214 25+05

“Thereported volume of pool 1, which refersto blood and rapidly exchangeable extracel lular fluid
compartment.

®The reported residence time for lead in pool 1.

‘The half life of lead in pool 1, T., = (T,) x In(2).

dClearance of lead from pool 1; C, =V,/T,.

°Estimated assuming V; = V¢ X 1.7 (Rabinowitz et al., 1976).
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The above experiments support a value for C, of 2.5 dL/day. At steady state, the clearance is
equivaent to the rate of uptake of lead into pool 1 per unit of blood lead concentration (g/day per
pg/dL). Theoreticaly, this should correspond to a slope factor of 0.40 pg/dL per pg/day absorbed
lead (i.e., thereciprocal of the clearance estimate). Thus, the default value for the BK SF parameter
of 0.4 pg/dL per pg/day absorbed lead derived from the population survey data of Pocock et al.
(1983) is consistent with the clearance estimates from experimental studies.

6. Soil Lead Absorption Factor (AFy)

The AFg parameter is the fraction of lead in soil ingested daily that is absorbed from the
gastrointestinal tract. The TRW recommends a default value of 0.12 based on the assumption that
the absorption factor for soluble lead (AF,,,0) IS 0.2 and that the relative bioavailability of lead in
soil compared to soluble lead (RBF;/eyue) 1S 0.6:

AF_ = AF

s - RBF

(Equation A-10)

soluble soil/soluble

AFg = 02 - 06 = 0.12

Thedefault value of 0.2 for AR, in adults represents aweight of evidence determination based on
experimental estimates of the bioavailability of ingested lead in adult humans with consideration of
three major sources of variability that are likely to be present in populations, but are not always
represented in experimental studies; thesearevariability infood intake, lead intake, and lead form and
particle size.

Effect of food on lead bioavailability. The bioavailability of ingested soluble lead in adults
has been found to vary from less than 10% when ingested with a meal to 60 - 80% when ingested
after afast (Blake, 1976; Blakeet al., 1983; Blake and Mann, 1983; Graziano et al., 1995; Heard and
Chamberlain, 1982; Jameset al., 1985; Rabinowitz et al., 1976, 1980). Thegeneral consensusisthat
constituents of food in the gastrointestinal tract decrease absorption of ingested lead, although the
exact mechanisms by which thisoccursare not entirely understood. Lead intake within apopulation
would be expected to occur at various times with respect to meals. Therefore, the central tendency
for lead absorption would be expected to reflect, in part, meal patterns within the population and to
have a value between the experimentally determined estimate for fasted and fed subjects.

An estimate of a"meal-weighted" AF,,,. can be obtained from the data reported by James
et a. (1985) and certain simplifying assumptions. Jameset a. (1985) assessed the effects of food on
lead bioavailability by measuring the fraction retained in the whole body of adult subjects 7 days after
they ingested a dose of radioactive lead either after afast or at various times before or after ameal.
Thetotal lead dose was approximately 50 g (fasted) - 100 ug (with food). Lead retention was 61
+ 8.2 (SD)% when lead was ingested on the 12th hour of a 19-hour fast and decreased to 4% - 16%
when lead was ingested between 0 and 3 hours after a meal; retention was further reduced (3.5 £
2.9%) when lead was ingested with ameal (breakfast) (the bioavailability may have been more than
these retention estimates since some absorbed lead would have been excreted during the 7 day
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interval between dosing and measurement of whole-body lead). Since ingested material may be
retained in the human stomach or at least 1 hour (Hunt and Spurrel, 1951; Davenport, 1971), lead
bioavailability also may be reduced when lead isingested 1 hour before ameal. The average “meal-
weighted” bioavailability can be estimated based on the average number of waking hours during the
day, the number of meals eaten, the bioavailability of lead ingested within 1 hour before a medl, the
bioavailability of lead ingested within 0 to 3 hours after ameal, and the bioavailability of |ead at other
times during the day. For example, if it is assumed that people eat three meals each day and, based
on the James et al. (1985) study, the bioavailability of lead ingested within 1 hour before a meal or
0 to 3 hours after a meal is approximately 0.1, and the bioavailability of lead ingested at all other
timesin a 16 hour day is 0.6, then the average "meal -weighted" bioavailability during a 16 hour day
is approximately 0.2:

(0.1 -12 hrg) + (0.6 - 4 hrs) _ 0
16 hrs '

23

This example suggests that the use of 0.2 as a default value for AF,,,. IS plausible for
populations in which soil lead intake occurs throughout the day, interspersed with meals. This may
not apply to all members of a population. For example, the average bioavailability would be higher
if lessthan three meal s were consumed each day (e.g., using asimilar calculation it can be shown that
the average bioavailability for one meal each day would be 0.5). Average bioavailability also may be
greater than 0.2 if lead intake was to occur predominantly in the early morning, before the first meal
of the day.

Although lead bioavailability may belower in individuals whose soil lead ingestion coincides
with meals, the TRW cautions against the use of avalue lessthan 0.2 for several reasons. Iron and
calcium deficiency associated with poor nutritional status may enhanceabsorption (U.S. EPA, 1990).
In addition, numerous factors may affect the absorption, distribution, excretion, and mobilization of
lead during pregnancy: increased plasmavolume (i.e., hemodilution); decreased hematocrit; previous
exposure history of themother (i.e., bonelead sequestration); changesin nutritional status; significant
loss of body weight or depletion of fat stores; hormona modulation; age; race; administration of
drugs; and illness (Silbergeld, 1991). Thereislikely to be significant inter-individua variability in
these factors, and studies of women at different stages of pregnancy have not shown clear trendsin
effects on blood lead concentration (Gershanik et al., 1974; Alexander and Delves, 1981; Baghurst
et a., 1987; Silbergeld, 1991). While there is evidence to support 0.2 as a reasonable estimate of
AF,,,. for women of child-bearing age, there is still some basis for concern regarding potentially
elevated absorption during pregnancy. However, a potential increase in lead absorption during
pregnancy would be expected to occur dynamically with changesin bone mobilization, blood volume
and glomerular filtration rate. Thus, the TRW cautions against adjusting the value for AF, . (Or
BKSF) based on assumptions regarding the effects of pregnancy on blood lead concentration.

Nonlinearity in blood lead concentration. Another reason for caution in adopting values
for AFgue l€ss than 0.2 derives from uncertainty about the relationship between blood lead
concentration, lead intake, and lead absorption. Severa studies have shown that the relationship
between environmental lead levels (e.g., drinking water lead concentration) and blood lead
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concentration is nonlinear and suggest the possibility that fractional absorption of ingested lead is
dose-dependent, and decreases as lead intake (and blood lead concentration) increases. Pocock et
al. (1983) reported a nonlinear relationship between blood lead concentration and water lead that
could be approximated by two linear equations: a slope of 0.06 pg/dL per pg/L was estimated for

water |ead concentrations equal to or lessthan 100 pg/L and aslope of 0.01 was estimated for water
lead concentrations above 100 pg/L. Sherlock et al. (1982, 1984) used a cube root regression model

to relate blood and water |ead concentrations; however, over the range of water lead concentrations
of 100 pg/L or less, the slope of 0.06 pg/dL per pg/L water lead from Pocock et al. (1983)

approximates the relationship observed in the Sherlock et al. (1982, 1984) study (Figure A-1). The
linear relationship between water lead and blood lead in the Pocock et al. (1983) study extendsfrom
ablood lead concentration range of 14 to 20 pg/dL. Based on these data, the value of AF,,,. Of 0.2
may be considered a reasonable default estimate if applied to exposure scenarios in which the
estimates of blood lead concentration do not exceed 20 pug/dL. At blood lead concentrations greater
than this, absorption of soluble lead may be less than the default value.

An appropriate value of AF,,,. &S0 can be supported by estimating the range of daily lead
intake that is likely to result in alinear relationship between intake and blood lead concentration.
Data represented in Figure A-1 suggest that if water lead concentrations are less than 100 pg/L, the
blood lead - water lead relationship is approximately linear. If assumptions regarding the magnitude
of first draw and flushed water intakes and lead concentrations are applied (see Equations A-8 and
A-9 and discussion of BKSF), afirst draw water lead concentration of 100 ug/L in the Pocock et al.
(1983) study represents a water lead intake of approximately 70 pg/day:

100- 1.4+ (0.3 + (0.25- 0.7)) = 70

We do not know with certainty the total lead intake in the Pocock et al. (1983) population,
although we can be certain that it exceeded the above estimated intake from drinking water since
intake from diet and other sources, including occupational, would have occurred; this is consistent
with the higher blood lead concentrations that were observed in the male population. Sherlock et
al. (1982) estimated that, in their study population of adult women, the dietary contribution to total
lead intake was equal to that from drinking water when the water lead concentration was 100 pg/L,
and that the contribution of lead from sources other than diet and water was very small. If the same
assumption is applied to the Pocock et al. (1983) study, it islikely that total lead intake in the male
population was at least 140 pg/day (70 pg/day from drinking water and 70 pg/day from diet; the
Pocock et a., 1983 study included 40 households from the Sherlock et al., 1982 study site), and may
have been higher because of occupationa exposure in the male population. A crude estimate of the
relative magnitudes of the non-water lead intakes in the two studies can be obtained by comparing
the predicted water lead concentration required to achieve the same blood |ead concentration in the
two populations. For example, awater lead concentration of 100 ug/L corresponded to a predicted
blood lead concentration of approximately 18 pg/dL in the female population (Sherlock et al., 1984);
the same blood lead concentration corresponded to awater lead concentration of 50 ug/L inthemale
population (Pocock et al., 1983). Therefore, the non-water lead intakesin the male population may
have been twice that in the female population. If it is assumed that drinking water and diet
contributed equally to lead intake in both studies, then a drinking water lead concentration of 100
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Mo/L inthe Pocock et a. (1983) study translatesto atotal lead intake of approximately 300 pg/day:

Lot = lwater * loiet * lotner (Equation A-11)

70 + 70 + 140 = 300 pg/day

total

Thus, the departure from linearity observed in the Pocock et al. (1983) study may have occurred at
lead intakes at or above 300 ug/day. Inthe various experimental assessments of lead bioavailability,
subjects ingested lead in amounts that varied among the studies but were all within the range 100 -
300 ug (Blake, 1976; Blake et al., 1983; Blake and Mann, 1983; Graziano et al., 1995; Heard and
Chamberlain, 1982; James et al., 1985; Rabinowitz et a., 1976, 1980), which is within the
approximatelinear range, if the extrapol ation from the Pocock et al. (1983) and Sherlock et al. (1982)
studiesis reasonable. Based on these considerations, the value of AF,,. Of 0.2 isconsidered to be
a reasonable default value if applied to exposure scenarios in which lead intakes are less than 300
pg/day. At intakes greater than this, absorption of soluble lead may be less than the default value;
however, it can be similarly argued that, based on the Sherlock et a. (1984) regression model, the
default AR, may underestimate absorption by some degree at |ow exposures.

Effect of lead form and particle size on lead bioavailability. The default value of 0.2 for
AFg e aplies to soluble forms of lead in drinking water and food and would be expected to
overestimate absorption of less soluble forms of lead in soil. Experimental studies have shown that
the bioavailability of lead in soil tendsto belessthan that of solublelead. Weiset a. (1994) assessed
the relative bioavailability of lead in soil compared to water soluble lead (acetate) inimmature swine
and estimated that the relative bioavailability of lead in soil from Leadville, COwas0.6t0 0.8. Ruby
et al. (1996) reported estimates of the relative bioavailability of lead in avariety of soilsfrom mining
sites and smelters as assessed in the Sprague-Dawley rat; the estimates ranged from 0.09 to 0.4.
Maddaloni et a. (1996) reported preliminary datafrom astudy inwhich 6 fasted human subjectswere
administered a single dose of lead-contaminated soil. The dose was 250 pg lead normalized to a 70
kg body weight; the concentration of lead in the soil was 2850 pg/g and the amount of soil
administered to each subject was generally alittle less than 100 mg. The average estimate of lead
absorption in the six subjects was 26%. If the absorption factor for soluble lead in fasted adults is
assumed to be 0.6 (James et al., 1985), then the Maddaloni et al. (1996) estimate suggests arelative
bioavailability of 0.5 (i.e., 0.3/0.6) for lead in soil.

Based on the above evidence, the TRW considers 0.6 to be aplausible default point estimate
for therelative bioavailability of lead in soil compared to solublelead (RBF;;/«,.0e) When Site-specific
dataarenot available. Such dataarehighly desirableasvariationinrelativebioavailability isexpected
for different species of lead and different particle sizes (Barltrop and Meek, 1975, 1979), both of
which may vary from siteto site. For example, the bioavailability of metallic lead has been shown to
decrease with increasing particle size (Barltrop and Meek, 1979), therefore, the default value for
RBF;/soune May overestimate absorption of lead if applied to soils contaminated with large lead
particles such as firing range debris or minetailings. Here again, the TRW cautions against the use
of alower value for the RBF;,o,e UNIESS it can be supported by experimental assessments of
relative bioavailability.
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The default value of 0.6 for RBF_;,¢,u,e COUpled with the default value of 0.2 for AR, e
yields a default value of 0.12 for AF¢ (0.6 - 0.2). The TRW considers 0.12 to be a plausible point
estimate for the absorbed fraction of ingested soil lead for use in assessments in which site-specific
data on lead biocavailability are not available. The default vaue of 0.12 takes into account
uncertaintiesregarding the possiblenonlinearity intherel ationshi p between |ead intake and absorption
and should be adequately protectivein scenariosinwhich predicted blood |ead concentrationsareless
than 20 pg/dL. The use of the default value for populationsthat have substantially higher blood lead
concentrations may result in an overestimate of lead uptake, and conversely, lead uptake may be
underestimated at |lower exposures.

7. Daily Soil Ingestion Rate (IRg)

The TRW recommends a default value of 0.05 g/day as a plausible point estimate of the
central tendency for daily soil intake from all occupational sources, including soil in indoor dust,
resulting from non-contact intensive activities. Thiswould include exposuresthat are predominantly
indoors. More intensive soil contact would be expected for predominantly outdoor activities such
as construction, excavation, yard work, and gardening (Hawley, 1985). Site-specific data on soil
contact intensity, including potential seasonal variations, should be considered in evaluating whether
or not the default value is applicable to the population of concern and, if not, activity-weighted
estimates of IRg that more accurately reflect the site can be devel oped.

In adopting the single | R parameter to describe all sources of ingested soil, the methodol ogy
remai nsconsi stent with recommendati ons of the Superfund program and their implementation for risk
assessment; specifically, the 0.05 g/day value used for adult soil ingestion addresses all occupational
soil intake by the individual, whether directly from soil or indirectly through contact with dust (U.S.
EPA, 1993). This value specificaly applies to the assessment of soil lead risk, and not risks
associated with non-soil sources of lead in dust. In making soil ingestion exposure estimates under
the Risk Assessment Guidelines for Superfund (RAGS) framework, no specific assumptions are
needed about the fraction of soil intake that occurs through dust.

An aternative approach was needed in the IEUBK Model because childhood lead exposures
areoften strongly influenced by indoor sourcesof leadindust (e.g., indoor paint) (U.S. EPA, 1994b).
In a situation where indoor sources of dust contamination are important, an exposure estimate that
addresses only soil exposures (including the soil component of dust) would be incomplete. The
IEUBK Model assigns separate values to outdoor soil and total indoor dust ingestion and partitions
theindoor dust into soil-derived and non-soil-derived sources. At aminimum, paired soil and indoor
dust samples should be collected to adequately characterize exposure to lead where indoor sources
of dust lead may be significant.

Alternatemethod for calculating soil and dust ingestion assepar ateexposur epathways.
In this alternate approach, separate estimates are made of lead intake from the direct ingestion of
outdoor soil and from the ingestion of indoor dust (which may contain lead from soil and aswell as
from indoor sources such as deteriorated lead based paint). Exposure to lead from soil (outdoor
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contact) can be calculated using Equation A-12, while exposure to lead from indoor dust can be
calculated using Equation A-13.

INTAKE

INTAKE

I NTA K ES, outdoors

I NTA K ED, indoors

PbS

PoD

I RS, outdoors

I RD, indoors

EFSite

AT

_ PbS. IRSoutdoors. EFSite (Equation A-12)
AT

_ PbD ) IRD,indoors. EFSite (Equation A-13)

D,indoors AT

Daily average intake (ingestion) of lead from soil ingested outdoors
(Hg/day).

Daily average intake (ingestion) of lead from dust ingested indoors
(Hg/day).

Sail lead concentration (ug/g) (average concentration in assessed
individual exposure areq).

Indoor dust lead concentration (ug/g).

Intake rate (ingestion) of outdoor soil (g/day).

Intake rate (ingestion) of indoor dust (g/day).

Exposure frequency at site (days of exposure during the averaging
period); may be taken as days per year for continuing, long term
EXPOSUres.

Averaging time, the total period during which the assessed

exposures (from all sources) occur (days). May be taken as 365
days per year for continuing, long term exposures.

Note that, in Equations A-12 and A-13, exposure frequency refers to the number of days that an
individual is present at the site and does not partition between periods of indoor and outdoor
exposures. Theintakerateisalong term average value appropriate for that mediaand is influenced
by both the duration of outdoor (or indoor) exposures and the intensity of those exposures.

Calculation of IRg qytgoors AN IRy ingoors from total intake of soil and dust (I Rs,p).
Intermediary calculations may be needed to generate estimates of the parameters in the intake
equations. An estimate of thetotal intake of soil and dust materials (IR, ) servesasastarting point.
Note that IR, differs from IRs which was discussed above, because IR, includes not only the
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total mass of soil ingested (both directly and as a component of indoor dust), but also the ingested
mass of non-soil derived dust components including various materials of indoor origin. Since a
substantial fraction of the mass of indoor dust comes from sources other than outdoor soils, an
estimate of IR, will be higher than the corresponding estimate of IR Secondly, an estimate of the
fraction the total soil and dust intake that is ingested directly as soil is needed (Weightingg;). This
estimate needs to take into account the intensity and duration of the outdoor soil intake and the
indoor dust intake. Equations A-14 and A-15 can be used to derive media-specific ingestion rates
from IR, and Weighting,.

IRSoutdoors - Weightirlgszoil ) IRS+D (Equation A-14)
IR, ingoors = (1-Weighting) - IR, (Equation A-15)
Weighting,;, = Fraction of total soil and dust intake that is directly ingested as soil

(dimensionless).

IRs.o Total dailly average intake of outdoor soil and indoor dust (all dust

components) (g/day).

Data are needed to generate separate estimates of the concentrations of lead in outdoor soil and in
indoor dust. A site assessment using this alternate methodol ogy would generally be based on direct
measurement data for both soil and dust at the facilities of concern. For comparison with exposure
estimates based on total soil ingestion (the primary approach presented in this paper), Equation A-16
may be utilized to estimate the ratio of dust lead concentration to soil lead concentration.

PbD = PbS-Kg, (Equation A-16)

Ky = Ratio of indoor dust lead concentration to soil lead concentration (dimensionless).

Assuming that the same absorption fraction is applicable to both soil and dust, Equation A-17 may
be used to estimate the uptake of lead from these two sources.

UPTAKE = AFg, - (INTAKE + INTAKED 1 100r9) (Equation A-17)

S outdoors

UPTAKE = Daily average uptake of lead from the gastrotintestinal tract into the systemic
circulation; soil and dust sources (ug/day).
AFp = Absolute gastrointestinal absorption fraction for ingested lead in soil and dust

(dimensionless).
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Comparison of lead intake estimated from principal and alternate approaches. Itis
helpful to compare exposure estimates derived using our principal approach based ontotal soil intake
(including soil present iningested dust) with the results of the disaggregated pathway analysisfor soil
and dust. We will consider the case in which there are not important indoor sources of lead in dust.
We can then compare the total lead intake estimates from the two approaches.

Under the mode! based on total soil ingestion (which we re-label as IR, for clarity):

PbS- IRStotaJ "EFge
AT

INTAKE =

(Equation A-18)

By contrast, using the disaggregated soil and dust model, EquationsA-14, A-15, A-16, and A-18 may
be combined to give Equation A-19:

PbS IR;, - (Weighting;, + Ko+ (1-Weighting, ) - EF ..
AT

INTAKE = (Equation A-19)

When applied to the same exposure assessment problem, the two approaches should give equivalent
estimates of lead intake. The estimates will be equivaent when:

IRs,p - (Weighting;, + Kg, - (1-Weighting)) = IR oy

8. Exposure Frequency (EFy)

The TRW recommends a default value of 219 days/year. This is the same as the centra
tendency occupational exposure frequency recommended by U.S. EPA (1993) Superfund guidance,
which is based on 1991 data from the Bureau of Labor Statistics. This estimate corresponds to the
averagetime spent at work by both full-time and part-timeworkersengaged in non-contact intensive
activities (U.S. EPA, 1993). Site-specific data on exposure frequency should be considered in
evaluating whether or not the default value is applicable to the population of concern. Inevaluating
site-specific data, it should be kept in mind that exposure frequency and daily soil ingestion rate (IRg)
may beinterdependent variabl es, particul arly in contact-intensive scenarios; therefore, the assignment
of asite-specific value to EFg should prompt an evaluation of the applicability of the default valuefor
IR to the population of concern (see Section 7 of the Appendix for further discussion).

Nonresidential exposure scenarios in which exposure frequency would be substantially less

than 219 days/year are frequently encountered. Examples include trespassing and recreational use
of asite. Important methodol ogy constraintson exposurefrequency and duration must be considered
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in assigning values to EF that would represent infrequent contact with the site; these constraints
relate to the steady state assumptions that underlie the BKSF. The BKSF derived from the Pocock
et al. (1983) dataappliesto exposuresthat result in aquasi-steady state for blood |ead concentration;
that is, anintake over asufficient duration for the blood |ead concentration to become nearly constant
over time. Based on estimates of the first order elimination half-time for lead in blood of
approximately 30 days for adults (Rabinowitz, et a., 1974, 1976; Chamberlain et al., 1978), a
constant lead intake rate over a duration of 90 days would be expected to achieve a blood lead
concentration that issufficiently closethe quasi-steady state. Thisisthe minimum exposure duration
to which this methodology should be applied.

Infrequent exposures (i.e., less than 1 day per week) over a minimum duration of 90 days
would beexpected to produce oscillationsin bl ood | ead concentrati ons associ ated with the absorption
and subsequent clearance of lead from the blood between each exposure event. Based on the above
assumptions about the elimination half-time lead in blood, the TRW recommends that this
methodology should not be applied to scenarios in which EFg is less than 1 day/week.

9. Applying Monte Carlo Analysisto the Adult L ead M ethodology

Recent EPA guidance (Browner, 1995) recommendsthat risk assessmentsincludeaclear and
transparent discussion of variability and uncertainty. Thelead risk assessment methodol ogy presented
here devel ops explicit estimates of the variability of blood lead |evels among adults who are exposed
to specified concentrations of environmental lead. Thisanalysisrelies on datafrom alarge number
of studies(baselineblood lead levels, variability of blood |ead levels, contact rateswith environmental
media, lead bioavailability, and lead biokinetics) to support a predictive probabilistic (lognormal)
model for adult and fetal blood lead concentrations. Important issues regarding the uncertainty in
parameter inputs and the mathematical form of the model are discussed in the sections of this
Appendix. The TRW recognizesthat thereisconsiderable scientificinterest in the different anal ytical
approachesthat may beapplied to aid in theanaysisof variability and uncertainty in risk assessments.
In particular, under appropriate circumstances, Monte Carlo methods may provide auseful approach
for developing quantitative estimates of the variability, uncertainty (or both) in risk predictions.

The TRW chose not to pursue application of Monte Carlo or other stochastic simulation
methods in this effort addressing adult lead risk assessment. Several factors went into this decision.
First, the TRW understood the needs of EPA Regions for a risk model that could be developed
relatively rapidly and which Regional lead risk assessors could apply easily with limited need for
additional study or training. These considerations made it advantageousto focus on modelsthat are
conceptualy similar to the IEUBK model for children in terms of applying a parametric lognormal
modeling approach to addressdistributionsfor blood lead levels. Secondly, the TRW recogni zed that
there would be substantial scientific issues associated with developing widely applicable stochastic
simulation modelsfor adult lead risk assessment. These difficulties primarily relate to the absence of
reliable distributional data for a variety of important variables in the assessment. As one example,
very limited data are available on soil ingestion rates in adults and adistributional choice for thiskey
parameter would depend heavily on individual judgement with little Agency precedent for support.
Additiondlly, in a stochastic assessment, a greater complexity would arise due to likely correlations
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among the variablesin the adult lead risk assessment. Stochastic analyses need to explicitly account
for important correlations among variables if the ssimulations are to provide realistic distributions of
risk. Asan example, dependenceislikely to exist between the starting (non-site related) blood lead
concentrations for individuals and their site-related increases in blood lead. This dependence may
result from individua patterns of behavior and from biological factors associated with lead
pharmacokinetics. However, data on this dependence are sparse or absent, and the necessary
statistical estimates of the correlation strength would depend heavily on personal judgement.

The TRW does encourage further efforts to better define the distributional data on which
stochastic simulations of lead risks might rest. Further attention to these data can provide useful
insightsfor lead risk assessment. The TRW a so recognizesthat Regions may be presented with lead
risk assessments based on Monte Carlo modeling. In order to facilitate review of Monte Carlo
anayses, some EPA Regions have found it important to establish requirements for the orderly
development and review of these assessments. Borrowing on this approach, the TRW recommends
that:

* A planfor the use of Monte Carlo analysisin alead risk assessment should be submitted
to responsible Regiona personnel and accepted by them before the Monte Carlo analysis
is undertaken.

* Ingenerd, itisexpected that site-specific exposure related parametersthat are supported
with site-specific information will provide the basis for proposed Monte Carlo
simulations.

o Scientific review is needed to determine that the risk assessment conformed to the plan
and to evaluate the reliability of the results.

These recommendations are designed to ensure that assessments can provide meaningful results that
can be understood and evaluated. If analysesare submitted in aformat that isdifficult to understand,
the utility of the analysiswill be diminished. Werecommend that Regional staff seek advicefrom the
TRW as aresource in this process.
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